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The Alexander/Grinnell Legacy
“At this point I wish to emphasise

what I believe will ultimately prove
to be the greatest purpose of our
museum. This value will not,
however, be realized until the
lapse of many years, possibly a
century, assuming that our
material is safely preserved. And
this is that the student of the
future will have access to the
original record of faunal conditions
in California and the west,
whereever we now work”
(Grinnell, 1910)

Joe Grinnell, MVZ
Director 1908-39

Annie Alexander: Benefactor



Historical records of faunal
diversity and habitats

Wieslander veg maps
1930s- 40s



The MVZ record: Specimens, field
notes, maps, photos, DNA



Yosemite

The “Grinnell Project”
Demonstrating the value of
integrated museum science

Resurvey vertebrates at >200
Grinnell sites throughout
California to:

•Document current distribution &
abundance of small mammals, birds,
reptiles and amphibians

•Observe changes over a century in
community, species & genetic diversity

•Understand why biodiversity has
changed given changes in climate,
land-use etc.

•Provide another benchmark for
assessing responses to future
environmental change



Joseph Grinnell, Tracy I. Storer, Walter P.
Taylor, Joseph Dixon, Charles L. Camp

fieldwork began on 19 Nov. 1914 and
ended on 11 Aug. 1920

----------
957 “man-days” in the field
~3,000 pages of field notes
4354 specimens obtained

~700 photographs

41 sites, elevational range 300 - 12,000 ft
Yosemite transect



High elevation species:  
upward range retraction

Pika
(Ochotona princeps)

Golden-mantled
ground squirrel
(Spermophilus

lateralis) +244m

+153m



Chipmunks:  distributional shifts

lodgepole pine forest - 8900 ft

tree-line - 10,300 ft

Lodgepole pine chipmunk
(Tamias speciosus)

Alpine chipmunk
(Tamias alpinus)

Grinnell    resurvey
~ 1800 ft retraction

Grinnell    resurvey
no change

+ 629m



+1000m

+500m

Low elevation species:  upward expansion
into higher elevation (west and east slopes) 
and habitat (on east side)

Mono
Basin:
piñon -
juniper
woodland,
7300 ft

upper Lyell
Canyon:
whitebark pine,
10,300 ft

Piñon mouse
(Peromyscus truei)

oak woodland -
chaparral

pi ñon-juniper



downward elevational expansion

Montane shrew
(Sorex monticolus)

-1003m



50% of species have moved up, by ~500m on average
=> Contraction of high elevation species & expansion of low elevation

species;
=> Changed community composition, but species diversity robust



 

Grinnell Resurvey
focus areas

Yosemite: 2003, 2004

Lassen: 2006, 2007

S. Sierra: 2008, 2009

Resurveys of bird diversity (M. Tingley, S.
Beissinger, A. Rush - see Poster #22 tonight)

Tahoe: 2008



Upward
Movements

Downward
Movements

n = 19

n = 3

n = 10

n = 4

n =1 n = 1

n = 4

n = 26

Other
Responses

* 69 species selected a priori by several selection criteria, including: # observations, detectability, and inclusion in Grinnell monographs

Summary of changes in elevation of 69 bird species:
⇒Most low elevation species have expanded upwards;
⇒several high elevation species have contracted upwards



Attribution: Effects of fire at low-mid elevation (e.g. California pocket mouse)

elevational increase of a low
elevation species



Yosemite Valley

Lyell Glacier, Yosemite National Park, in
1903  (top) and 2003 (bottom)

summer

Attribution: Signatures of climate change: temperature increase,
glacial melt

winter

The central Sierra has warmed by 3-4 C over the past 100 years!



forest densification
•increased tree density
•invasion of subalpine meadows

change in form & growth
•harsh conditions favor krummholz life form
•milder conditions favor persistence of flags and growth of upright stems

north end - 10,400 ft

July 19151907

July 2004

east end Tenaya Lake - 8,200 ft

Signatures of climate change:
change in forest structure and growth

1984

north end Vogelsang Lake - 10,400 ft



Grinnell
period
-100 years

Future
+ 100 
years

Present

Predicted
responses
to future
change

Scenarios
for climate
& land-use
change

Build Test

Genetic: Multi-locus, neutral and adaptive
molecular diversity

Species: presence or absence; relative
abundance

Community: richness, evenness,
dissimilarity
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Using the past to inform the future



Model predictions: Grinnell -> present



Grinnell project: status

White/Inyo 08

Lassen 06-07

Sth Sierra08/09

Tahoe 08

San Jacinto
08-09;
SDMNH

Yosemite 04-07
Proposed bird
resurveys 09-10

• Continuing
resurveys (2010+)

• Modelling past
change (08-09)

• Predicting future
change (09-10)



Concluding thoughts
Museums hold unique historical records that can reveal
effects of environmental change

Comparisons of species distributions over 100 years are
showing that:

• Some, but not all species are shifting ranges upwards by c. 500m elevation;

• Several high-elevation species are in trouble; and

• Changes in community composition - what are the consequences for ecological
interactions & evolution?

Much of this is attributable to warming - we can use the
record of the past to predict sensitivity to future change

Maintaining ecological integrity of elevation gradients is
crucial to maintaining most species diversity.



www.mvz.berkeley.edu

Forthcoming publication on Yosemite transect
mammals: Moritz et al. Science, in press.


